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MECHANISM OP SEPARATING AND PURIFYING DNA AND THE LIKE 
Technical Field 

[0001] The present invention relates to a mechanism of separating 

and purifying DNA and the like. 

Background Art 

[0002] Hitherto, it has been well known that in a method for 

purification and separation of a nucleic acid from a nucleic 
acid-containing material, a nucleic acid mixture is adsorbed on 
particles of glass and silica gel , glass, silica wool, silica, a glass 
membrane, a polymer or the like under the presence of chaotropic agents . 
The nucleic acid- containing material is mainly a biological rawmaterial 
such as cultured cells and tissues, body fluids including blood, serum, 
urine and feces, germs including bacteria and human Mycobacterium 
tuberculosis, or viruses of HIV, hepatitis B and hepatitis C, andplasmid 
DNA, genomic DNA, chromosomal DNA, RNA, mitochondrial DNA, fragment 
DNA and the like can be separated and purified. 

[0003] Purification of fragment DNA is a technique that is very 

frequently used in molecular biological studies, and conducts prior 
to PCR, cloning, sequencing, restriction enzyme digestion and 
applications of other enzymic actions and the like. 

[0004] For example, there is a method of isolating DNA from a 

recombinant M13 phage, and an isolation method in which M13 phage DNA 
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binds on a glass fiber filter by adding chaotropic agents and then 
eluted via separation, washing and drying is shown in Nucleic Acids 
Research Vol. 15 5507-5516 (1978). 

[0005] A In a method in which a glass powder is added, DNA binds 

to the glass powder, centrifugal separation is performed, the glass 
powder is collected and washed, and DNA is eluted and isolated is shown 
in Pvoc . Natl . Acad. Sci . USA Vol . 76, 615-619 (1979) . A similar method 
is described in Japanese Patent Laid-Open No. 59-227744, Analytical 
Biochemistry Vol . 121. 382-387 (1982) , Molecular cloning : A Laboratory 
Manual 188-190 (1982) and so on. 

[0006] Amethod inwhicha composite biological startingmaterial , 

chaotropic agents and a nucleic acid binding solid phase including 
silica or a derivative thereof are mixed, the solid phase to which 
a nucleic acid binds is separated from a liquid, and washed to elute 
the nucleic acid is proposed in Japanese Patent No. 2680462. 

[0007] The physical mechanism of adsorbing DNA and RNA under the 

presence of chaotropic agents has not been clarified for its details, 
but it is believed that a cation exchange reaction occurs between a 
negatively charged carrier and a nucleic acid. Thus, the efficiency 
of purification can be considered to be equal to the efficiency of 
contact between the surface of the carrier and a biological sample. 

[0008] Irrespective of which of the above described carriers is 

used, a procedure in which a carrier on which a nucleic acid is to 
be adsorbed is held in a container (cartridge, chip or the like) , and 
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a biological sample is passed through the container, a nucleic acid 
is adsorbed on the carrier with an adsorption buffer solution, 
contaminants other than nucleic acid components are then expelled to 
outside the cartridge with a washing liquid, and an elution liquid 
is then passed to take out the nucleic acid components with the liquid 
is general . 

[0009] In addition, purification of fragment DNA from an agarose 

gel by electrophoresis and various extractions is often performed, 
but this method requires much time, and the obtained DNA is extremely- 
thin, contains salts and organic solvents, and is therefore required 
to be further desalted or concentrated by ethanol precipitation. In 
a conventional method such as a gel filtration purification technology, 
it is very difficult to separate molecules having similar molecular 
weights . 

[0010] These separation methods using a carrier require use of 

high-concentration salts, and therefore a phenomenon causing 
decomposition or degradation of DNA on the surfaces of particles of 
glass or silica gel has been confirmed. The adsorption occurs 
substantially quantitatively under the presence of high-concentration 
chaotropic agents, but elution of adsorbed DNA is carried out under 
the presence of a buffer solution of the salts. The treatment of 
fractions of DNA is limited to a range of 100 base pairs (bp) to 10000 
base pairs (bp) , and it is impossible to quantitatively separate or 
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purify DNA fractions with 100 base pairs (bp) or less or DNA with 10000 
to 100000 base pairs (bp) . 

[00X1] For a method based on a glass powder (glass beads) as a 

carrier, it is conceivable that beads are downsized or the amount of 
beads is inereas-es increased for improving the efficiency of contact 
between the surface of the carrier and a nucleic acid. However, a 
pressure during passage of a liquid increases, the operability is 
considerably impaired, and air gaps between beads become so small that 
nucleic acid molecules cannot enter the air gaps because of their large 
molecular weight, resulting in a problem of reducing the efficiency 
contrarily. If the length of the container is increased for the purpose 
of improving the separation, the pressure increases, and in addition, 
the amount of eluted solvent increases to reduce the efficiency of 
concentration, leading 10 a process which is less convenient . Further, 
if the bead or wool is used, its fragments and particles enter an elution 
liquid although the amount is very small, thus causing a problem in 
a subsequent application. If a packing method for packing the carrier 
in a container is not fixed, separation time and the pattern are changed, 
and therefore a problem of poor stability of separation arises. 

[0012] A method using a membrane or a filter as a carrier has 

an advantage that it can be processed for improved usability, but it 
is difficult to form pores appropriate to separation with control, 
and the method is thus poor in practicality. 
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[0013] A met hod using a polymer resin is not capable of purification 

with a simple protocol, since a separation system is complicated such 
that an action of reacting specifically with a nucleic acid depending 
on the property of the polymer resin or a part having an influence 
exists in addition to the concerned part. 

[0014] In any case, high-purity fragment DNA cannot be purified. 

There are disadvantages of difficulty of handling unique to a powder 
silica resin and a suspension, hindrance of a subsequent application 
reaction, and so on. 

[0015] As inthe invent ion of Japan ese Patent Document 2 No . 26 80462 , 

the concept of direct isolation of a nucleic acid from a complicated 
starting material without a pretreatment refers to "digestion" and 
"purif icat ion" being performed at the same time . As a result , drawbacks 
of requiring a radical reaction condition and reducing a range of 
applicable molecular weights of nucleic acids are yielded. 

[0016] In Na tional Publication of International Ja panese Patent 

laid-open Application No . 8 5011321 Heisei 8-50132 is proposed a method 
in which a nucleic acid mixture is adsorbed on a porous or nonporous 
inorganic base such as silica gel or glass from an adsorption aqueous 
solution containing high-concentration (ionic strength) salts and an 
organic acid such as an aliphatic alcohol or polyethylene glycol , washed 
and then eluted with a solution containing lower-concentration (ionic 
strength) salts to obtain a nucleic acid. 
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[0017] However, in this method, a nucleic acid mixture is adsorbed 

on an inorganic material from an adsorption aqueous solution containing 
high-concentration salts and a nucleic acid is eluted with a solution 
containing salts although its concentration is low, and therefore if, 
for example, a DNA sample is included in large agarose fractions, it 
is necessary to treat the sample using a plurality of columns, and 
eluted fragment DNA is pooled, and further, obtained fragment DNA 
contains salts and organic solvents, and therefore operation steps 
of concentration, desalination and the like are required, and moreover, 
purified DNA may be lost during ethanol precipitation. 

Disclosure of the Invention 

[0018] Thus, the present invention is to propose a method of high 

reproducibility in which the aforementioned aspects of prior arts are 
improved so that adsorption and elution separation can be performed 
extremely simply and easily, elution with high-concentration salts 
are not carried out, purification after elution is not required, and 
the efficiency of separation and purification of nucleic acids, 
especially fragment DNA or the like is extremely enhanced. Such a method 
involves an integral monolith structure, characterized in that 
through-pores continuously extending from one end to the other end 
and corresponding to nucleic acids of sizes of 35 bp (mer) to 100 Kbp 
(mer) are provided and configured so that nucleic acids corresponding 
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to the through-pores can be retained, respectively, by allowing a 
solution containing nucleic acids to be separated to pass therethrough, 
characterized in that the monolith structure employs an inorganic 
material such as glass or silica or a hybrid material containing an 
organic material and an inorganic material , which is a porous body having 
macro-pores (through-pores) penetrating from the upper surface to the 
lower surface, 

characterized in that the porous body of the monolith structure 
has micro-pores (meso-pore) in the macro-pores (through-pores) , 

characterized in that the porous body of the monolith structure 
has a macro-pore (through-pore) size of 1 to 100 um and a micro-pore 
(meso-pore) size of 0 to 100 nm, 

characterized in that a disc formed with the monolith structure 
is placed in a column tube to form a monolith solid phase column, and 
characterized in that the structure employs a monolith solid phase 
column formed by detachably attaching a base formed with the monolith 
structure to a cylindrical body having the top and the bottom opened. 
[0019] According to the present invention, a wide range of DNA 

fractions of 100 bp (mer) or less and DNA fractions of 10000 bp (mer) 
to 100 Kbp (mer) can be separated quantitatively and purified efficiently 
Nucleic acids can be adsorbed and separated without using a radical 
react ion condition, dissolution and adsorption with high- concent rat ion 
salts are not required, operations of concentration and desalination 
are not required, and purification of nucleic acids, especially 
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purification of fragment DNA is easy. The nucleic acid can be eluted 
with a solution having no salts or a sterile water, and high-purity 
fragment DNA is easily obtained. 

Brief Description of the Drawings 

[0020] Figure 1 is a view of contrast of example 1 according to 

the present invention with a conventional method; 

[0021] Figure 2 is a view of contrast of example 1 according to 

the present invention with the conventional method; 

[0022] Figure 3 is a view of evaluation by HPLC in example 1 of 

the present invention; 

[0023] Figure 4 is a view of purification and separation of DNA 

fragments in example 2 according to the present invention; 
[0024] Figure 5 is a view of purification and separation of DNA 

fragments in example 4 according to the present invention; 
[0025] Figure 6 is a view of purification and separation of DNA 

fragments in example 5 according to the present invention; 
[0026] Figure 7 is a view of separation of a single- strand PCR 

amplification product in example 6 according to the present invention; 
[0027] Figure 8 is a view of comparison of purifications with 

sodium and potassium in example 7 according to the present invention; 
[0028] Figure 9 is a perspective view for explaining a column 

tube in one example of the present invention; 
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[0029] Figure 10 is a perspective view for explaining a disc in 

one example of the present invention; 

[0030] Figure 11 is a perspective view for explaining a collection 

tube in one example of the present invention; and 

[0031] Figure 12 is a perspective view for explaining a monolith 

solid phase column in one example of the present invention. 

Best Mode for Carrying Out the Invention 

[0032] The present inventors have found that if an efficient 

monolith structure is used and a buffer condition is adjusted, use 
of a buffer having high salts concentration, which has been considered 
as a normal practice , becomes unnecessary . There is only water besides 
tris hydrochloric acid EDTA added for preservation of a nucleic acid, 
and the nucleic acid is decoupled from a carrier on which it has been 
adsorbed, and is eluted. When adsorbing a nucleic acid, salts compound 
providing ions considered reacting with isopropanol and silanol groups 
acting as a separation solvent , aguanidine hydrochloride as a chaotropic 
salt for dissolving an agarose gel , and the like are used as an adsorption 
solvent. At this time, it is conceivable that if an alkali metal salt 
which is easily changed into a positive ion exists, a dehydrogenation 
reaction easily occurs, whereby the positive ion causes a cation 
crosslinking reaction with a phosphoric acid part of a nucleic acid 
to adsorb the nucleic acid . The alkali metal is , for example, lithium, 
sodium, potassium, rubidium, cesium, f rancium or the like . Among them, 
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a potassium salt , which has a low electronegativity and is easily changed 
into a positive ion to undergo a cation cross linking reaction, is useful, 
since it easily undergoes a reaction, and does not hinder a subsequent 
application although it is ultimately eluted in an ionic state along 
with nucleic acid components. A sodium salt is not very useful, since 
it hinders a subsequent application, and therefore cannot be used unless 
a desalination operation is carried out . In other words , the apparatus 
and method allow the obtained purified liquid to be brought directly 
to subsequent operations (PCR, cloning, sequencing and enzymic 
operations) without requiring the desalination, alcohol precipitation 
and the like. It is very important to simplify the operation procedure 
for preventing damages in nucleic acids. 

[0033] It is an eb^eet- aspect of the present invention to provide 

a method allowing nucleic acids to be purified without affecting various 
kinds of subsequent application operations such as cloning by using 
silica or glass having a monolith structure having high purification 
efficiency and using a more simple buffer solution. 

[0034] The monolith structure refers to an integral porous body 

having macro-pores (through-pores ) with an open structure that 
communicate the upper end with the lower end. The monolith structure 
have macro-pores (through-pores) and/or meso-pores (micro-pores) in 
the skeletal structure forming the macro-pores. 

[0035] The monolith structure can be prepared mainly by a sol-gel 

method. Specifically, a metal aikoxide is partially hydro-lyzed to 
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prepare a reactive monomer, this monomer is subjected to 
polycondensation to prepare a colloidal oligomer (production of sol) , 
the oligomer is further hydrolyzed to promote polymerization and 
crosslinking, and a three-dimensional structure is thereby prepared 
(production of gel) to synthesize the monolith structure. 

[003 6] An organic and inorganic hybrid monolith can easily be 

prepared if various kinds of organic monomers are added at the time 
of the reaction. Thus, a chemical property can also be added depending 
on the type of organic monomer added. For example, by adding an organic 
monomer having a hydrophilic group, the water absorption property of 
an aqueous sample component can be improved. By adding an organic 
monomer having a functional group showing a selective chemical action 
is added, the organic monomer is used for adsorption of characteristic 
components as impurities in purification, and the impurities are left 
on a solid phase, whereby the efficiency of purification of a nucleic 
acid can be improved . By putting a polymer having a. high elastic modulus 
in a sol-gel step, the monolith structure can be made to have elasticity. 
Further fundamentally, organic and inorganic materials can be made 
to coexist to improve the chemical stability of the monolith structure . 

[0037] These respects mean that for an organic and inorganic hybrid 

monolith structure preparedby the sol-gel method, properties of forming 
a chemical surface appropriate to a purpose based on the type of organic 
monomer added and improving the chemical stability can be added, and 
indicates that monolith properties effective in pretreatment of DNA 

11 

AKR - 112729.1 



Ser. No. ( To be assigned- Nat. Stage of PCT/JP2004/001465) 
Substitute Specification - Marked Up Copy 
Atty Docket 114116.00032 

can be improved freely in accordance with a purpose . Further, a monolith 
prepared by the sol-gel method is suitable in that it contains only 
a small amount of metal as a solid phase for DNA of the present invention . 
General silica gel or the like is prepared from sodium silicate or 
the like, and a large amount of metal remains. Certainly, there are 
some cases where silica gel is prepared from purified sodium silicate 
and high-purity silica gel is prepared by the sol -gel method, but those 
silica gels are so expensive that they are not suitable for single 
use as a normal usage form. Even if they can be produced inexpensively, 
batch type synthesis is performed at the time of preparation of particles , 
and there is a high possibility that metal concentration occurs from 
a synthesis atmosphere. 

[0038] In synthesis of the monolith structure in the sol-gel method, 

silica gel is prepared by continuous steps, and there is no contamination 
of a metal . In silica gel, measures of washing with hydrochloric acid, 
nitric acid or the like, and so on have been taken, or EDTA for reducing 
influences of a metal has been added, but these measures are not required 
at all in the solid phase of the present invention. 

[0039] As another method, a monolith structure solid phase can 

also be prepared by a glass part phase. Fundamentally, this method 
is comparable in effectiveness to synthesis of the monolith structure 
by the sol -gel method, but is effective when forming secondary micropores 
on the inner surface, since a macropore can be formed in a large size 
as compared to the sol-gel monolith. Further, there is an advantage 
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that the glass part phase has a high alkali resistance owing to its 
composition and thus can be regenerated by alkali washing. 
[0040] The present invention will be described in detail below 

with examples shown in the figures. 

E0041] The most basic configuration in the present invention 

consists in adsorbing fragment DNA on glass or silica under the presence 
of chaotropic agents for purifying fragment DNA from agarose gel, a 
PCR reactant, restriction enzyme treated DNA, single-strand DNA, RNA 
or the like, and particularly, using a monolith structure formed by 
glass or silica having an excellent separation capability, specifically 
an integral porous material having an open structure with pores that 
communicate the upper end with the lower end, and adsorbing the DNA 
on the porous material . 

[0042] Adsorption of fragment DNA on glass or silica under the 

presence of chaotropic agents has already been proposed and practiced. 

[0043] However, in the conventional method, packing material 

(particles) is always used. Thus, there are disadvantages that the 
packingmaterial is not evenly packed, particles remains ina DNAsolution 
after passage of packing material, the area of contact with the liquid 
is so small that the reaction efficiency is poor, and the liquid passage 
pressure is so high that handling is difficult. 

[0044] The present invention is in part in common with the 

conventional technique in that components adsorbed on glass or silica 
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gel particles from agarose gel and a PCR reactant under the presence 
of chaotropic agents are extracted. 

[0045] In this conventional technique , adsorption is made to occur 

quantitatively under the presence of high-concentration chaotropic 
agents, and elution of an adsorbed nucleic acid is carried out at lower 
salts concentration. 

[0046] Moreover, in the method of National Publication of 

International Patent Application No . 8-5011321, separation of anucleic 
acid is carried out in one operation step without a step of preliminarily 
purifying a nucleic acid to be separated. Thus, a radical reaction 
condition by a buffer of a high-concentration salt is required, and 
a range of applicable molecular weights of nucleic acids is reduced. 
Further, purified DNA is extremely thin, contains salts and organic 
solvents, and is therefore required to be further subjected to ethanol 
precipitation and concentration. 

[0047] In the present invention, which makes improvements for 

these disadvantages, adsorption or elution is not performed with 
high-concentration salts, but elution is performed with water. As a 
result, a sample having a very high concentration and requiring no 
additional purification is obtained. 

[0 04 8] The present invention has as one ete^j-e-e-e aspect , 

purification of DNA fragments from agarose gel and fragment DNA and 
the like from a PCR amplification reaction DNA solution and an enzyme 
reaction solution. 
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[0049] In the present invention, DNA fragments with 35 bp to 100 

Kbp can be extracted and purified from standard agarose gel or low-melt 
agarose gel prepared with a Tris acetic acid (TAE) buffer or a Tris 
boric acid (TBE) buffer, and a recovery rate of 60 to 80% can be obtained. 
In addition to extraction from gel, a PCR product with 35 bp to 100 
Kbp can be purified directly from a PCR reactant, and a recovery rate 
of 80 to 95% can be obtained. The obtained fragment DNA contains neither 
salts nor organic solvents, and therefore it is not necessary to carry 
out ethanol precipitation, desalination and concentration. This 
product is a monolith based system, the DNA binding capability is 5 
to 8 ,ug at the maximum, and isolated fragment DNA can be collected 
in only five minutes. 

[0050] In the case of purification from gel, a desired DNA band 

is cut out from gel after electrophoresis, and dissolved under the 
presence of guanidine thiocyanic acid (dissolution and adsorption 
buffer) . In the case of purification after PCR amplification, an 
adsorption buffer is added directly to PCR reactant. Dissolved gel 
fractions are passed through a monolith solid phase column using a 
micro centrifugal machine or a vacuum apparatus . At this time, desired 
DNA binds to the surface of a silica monolith or a glass monolith, 
the coupled fragment DNA fractions are washed with a washing buffer, 
and DNA is eluted with water (elution buffer) . 

[0051] As these buffers, the following buffers are used. 

Buffer A {dissolution and adsorption buffer) 
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Buffer B (washing buffer) 

Buffer C (elution buffer or sterile water) 
These buffers will be described further in detail below. 
[0052] Buffer Al for PCR reactant (guanidine hydrochloride: 1 

to 8 M ; potassium acetate: 0.1 to 1 M; 2-propanal: 1 to 70%) 
[0053] Buffer A2 for agarose gel (guanidine thiocyanic acid: 1 

to 8 M; potassium acetate: 0.1 to 1 M; 2-propanai: 1 to 70%) 
[0054] Buffer B (potassium acetate: 0.1 to 1 M; ethanol : 1 to 

80%) 

[0055] Buffer C (pH = 8 to 8 . 5 ; Tris-HCI 10 mM; EDTA ImM; or sterile 

DNA/RNA free water) 

[0056] In the buffer Al, guanidine thiocyanic acid is suitable 

as a guanidine hydrochloride, and the amount thereof is more preferably 
1 to 8 M. The efficient amount of 2-propanol is 40% or more. 

[0057] In the buffer A2 , the above conditions apply. 

[0058] In the elution buffer C, elution with water is possible, 

but for preventing entrance of bacteria, use of RNase free treated 
with an ultrafiltration membrane or diethyl pyrocarnate is recommended. 
If purified DNA is stored, water to which an EDTA buffer has been added 
may be used as the elution buffer C for preventing increase of bacteria. 
The efficiency of purification does not vary depending on 
presence/absence of the EDTA buffer from a viewpoint of a separation 
mechanism, 
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[0059] In the invention of this application, use of a monolith 

structure for a base allows a reaction between a phosphoric acid group 
of a nucleic acid and a silanol group to proceed ef f iciently . The problem 
of carryover of silica particles which is unavoidable when using 
particulate packing material and which may hinder so called an 
application reaction as a result of purification with silica particles 
deposited on a sample can be prevented. Further, there are advantages 
that the pressure during separation is kept low, and unlike a case 
where packing material is used, no sealing parts are required, and 
so on. 

[0060] This monolith structure can be prepared by, for example, 

so called a sol-gel method in which low-molecular compound sol capable 
of polymerizing an inorganic porous material such as silica gel is 
purified, and finally, gel of an aggregate or polymer is obtained. 
In this method, the central macro-pore (through-pore) diameter is 
generally 1 to 100 urn, but can be several nm owing to subsequent 
technological advancement. 

[0061] A monolith structure having pores in a silica body having 

two kinds of pores can be prepared using spinodal decomposition in 
a sol-gel process. 

[0062] A porous body having a structure in which porous materials 

having micro-pores having an open structure are filled in a macropore 
extending from the upper surface to the lower surface can be prepared. 
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In this connection, in this porous body, the diameter of the macro-pore 
is 1 to 100 \xm and the diameter of the micro-pore is 0 to 100 nm. 
[0063] In addition, an appropriate monolith structure can be used 

as a matter of course as long as it is formed by including glass or 
silica . 

[0064] In this monolith structure , the through-pore (macro-pore) 

of the porous body can be formed as desired according to the method 
of production of the structure, and is therefore appropriately selected 
and formed, but the diameter of about 1 to 100 (.im leads easy use . However, 
this selection depends on raw materials to be used, for example agarose 
gel, a PCR reaction solution and a buffer, and the purpose thereof. 

[0065] For description of one form of use of a base constituted 

by this monolith structure, a cylindrical column tube 1 is formed, 
and a closable cap 3 is detachably provided in an upper end opening 
portion 2. A small-diameter outlet 4 is formed at the lower end, and 
in the upper part of the outlet 4, a step 5 is provided to form a medium 
aperture portion 6 . Adisc 7 as the base formed of the monolith structure 
can be placed on or fitted to the step 5. The disc 7 may be formed 
in a discal form having a shape substantially same as that of the medium 
aperture portion 6 and having a desired thickness of, for example, 
about 0.1 to 10 mm, or in a conical form as desired. A monolith solid 
phase column 9 is formed by the column tube 1 and the disc 7 . Reference 
numeral 8 denotes a collection tube, which is configured to have a 
diameter allowing the column tube 1 to pass therethrough and configured 
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such that the upper end edge of the column tube 1 can be fixed in the 
upper part . 

[0066] For the above described column tube 1 and collection tube 

8, tubes made of polypropylene are used, but any other material having 
good visibility and a certain degree of strength, such as an organic 
polymer having no influence on a nucleic acid, for example polyethylene, 
polyethylene terephthalate or polystyrene, or an inorganic polymer, 
for example glass or silica may be used. 

[0067] The disc 7 is specified as the base of the monolith structure , 

but the base is not limited thereto, and can be used in a shape of 
for example, a dish or a cylinder, which allows a solution to freely 
pass . 

[0068] The molecular size of DNA is said to be about 3.4 nm per 

10 base pairs. It is conceivable that for example, if the macro-pores 
have a diameter of about 10 nm to 100 nm in DNA with 35 bp to 300 bp, 
the macro-pores have a diameter of about 100 nm to 1 \xm in DNA with 
300 bp to 3 Kbp, the macro-pores have a diameter of about 1 yim to 10 
f.im in DNA with 30 Kbp to 300 Kbp, and the macro-pores have a diameter 
of about 10 (iim to 100 jam in DNA with 30 Kbp to 300 Kbp, DNA molecules 
can be allowed to pass without damaging or collapsing DNA molecules. 

[0069] For improving the interaction with impurities and the like 

and performing purification more efficiently, micro-pores are added. 
From experiences of various kinds of tests and experiments, it has 
been confirmed that an interaction with a compound having a molecular 
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weight of several hundreds of thousands occurs if the micro-pore has 
a diameter of around several tens of nmand an interaction with a compound 
having amolecularweight of several hundreds to several tens of thousands 
if the micropore has a diameter of around 10 nm, and it has been known 
that for a compound having a larger molecular weight, it is preferable 
that the micropore which is said to contribute to collapse of the 
molecules is almost absence, specifically the micropore has a diameter 
of 0 nm. 

[0070] Several kinds of integral monolith structures having 

micropores added to a macro-pore can also be prepared and used properly- 
according to the type of DNA and the purpose of removal of impurities, 
and the like. In this connection, for preparing several kinds of 
integral monolith structures , a method in which a macropore is prepared 
beforehand, and micropores are then formed is more convenient in terms 
of synthesis . 

[0071] In purification that is currently required, separation 

and purification from low molecule compounds such as primers and agarose 
gel decomposition products is dominant , and separation can sufficiently 
be performed with one kind of monolith structure. 

[0072] If a monolith structure in which a macro-pore having a 

diameter of 1 to 100 urn, preferably about 20 urn and micro-pores having 
a diameter of 0 to 100 nm, preferably about 10 nm are formed Is used, 
a wide range of DNAs with 35 bp (mer) to 100 Kbp (mer) shown in examples 
can sufficiently be purified. 
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[0073] A. The following method is used for producing a PCR product 

using a monolith solid phase column. 
[0074] 1. Micro-centrif ugation method 

[0075] This protocol is designed for the purpose of purifying 

a double-strand DNA fragment from a PCR reaction solution, and use 
of a monolith solid phase column and buffers for purification allows 
a fragment (PCR products) with 35 bp to 100 Kbp to be separated from 
a primer, a nucleotide, a polymerase, salts or the like by a centrifugal 
operation. 

[0076] 100 ul of buffer Al (adsorption buffer) is added to 10 

ul of PCR reaction solution. About 300 ul of buffer B (washing buffer) 
is used for washing. 

[0077] All centrifugal operations are carried out by a general 

desktop micro centrifugal machine at 10000 rpm or less. 

[0078] 1. 10 parts by volume of buffer Al are added to 1 part 

by volume of PCR reaction solution and mixed. It is not necessary to 
remove mineral oil. For example, 500 ul of buffer Al is added to 50 
ul of PCR reaction solution (amount not including the amount of oil) . 

[0079] 2. The monolith solid phase column 9 is inserted into the 

collection tube 8, and a prepared sample is applied to the monolith 
solid phase column. For obtaining a high recovery rate, the sample 
solution is added to the monolith solid phase column 9 in its entirety. 

[0080] 3. The monolith solid phase column 9 attached to the 

collection tube 8 is centrif uged at 10000 rpm for 30 seconds , the monolith 
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solid phase column 9 is then detached, and a liquid in the collection 
tube 8 is removed. The monolith solid phase column 9 is inserted into 
the collection tube again. 

[0081] 4. 500 ul of buffer B (washing buffer) is added, and the 

monolith solidphase column 9 is centrifuged at 10000 rpm for 30 seconds . 
The monolith solid phase column 9 is further centrifuged at 10000 rpm 
for 1 minute. 

[0082] For fully removing remaining ethanol originating in the 

buffer after discarding the liquid in the collection tube 8, it is 
necessary to carry out a centrifugal operation again. 

[0083] 5. The monolith solid phase column 9 is taken into a new 

1.5 ml centrifugal sampling tube, 10 to 50 ul of buffer C (elution 
buffer) is added to the center of the monolith surface, and the monolith 
solid phase column 9 is incubated at room temperature for 1 minute, 
and then centrifuged at 10000 rpm for 1 minute. The DNA eluted into 
the centrifugal tube is purified DNA, which is stored at -20°C. 
Alternatively, the DNA is used directly for a subsequent operation. 

[0084] The elution buffer C is added to the central portion of 

the monolith surface so that DNA bound to the monolith is fully eluted. 
If 10 ul of elution buffer C is used, the amount of eluent is 9 ul . 

[0085] The elution efficiency becomes a maximum when pH is in 

a range of 8 to 8 . 5 . If sterile water is used for elution, it should 
be ensured that pH is in this range. 

[0086] 2. Vacuum manifold method 
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[0087] The monolith solid phase column can be operated by a vacuum 

manifold including a general lure adaptor. This protocol is designed 
for the purpose of purifying a double-strand DNA fragment from a PCR 
reaction solution. Use of a monolith solid phase column and buffers 
for purification allows a fragment (PCR products) with 35 bp to 100 
Kbp to be separated from a primer, a nucleotide, a polymerase, salts 
or the like by a sample treatment operation by the suction apparatus. 

[0088] 100 ul of buffer Al (adsorption buffer) is added to 10 

ul of PCR reaction solution. About 300 ul of buffer B (washing buffer) 
is used for washing. 

[0089] A vacuum switch is temporarily turned of f for each operation 

step so that uniform and stable vacuum is accomplished. 

[0090] 10 parts by volume of buffer Al are added to 1 part by 

volume of PCR reaction solution andmixed. It is not necessary to remove 
mineral oil. For example, 500 ul of buffer Al is added to 50 ul of 
PCR reaction solution (amount not including the amount of oil) . 

[0091] 2. A vacuum manifold and a monolith solid phase column 

are prepared. A lure adaptor vacuum manifold is connected to a vacuum 
apparatus . 

[0092] 3 . A vacuum adaptor attached to a port on the vacuum manifold 

is mounted. The monolith solid phase column 9 is inserted into the 
vacuum adaptor. 

[0093] 4 . An prepared PCR sample is applied to the monolith solid 

phase column 9 by a pipette, and vacuumed for binding DNA. The solution 
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is vacuumed until it completely passes through the monolith solid phase 
column 9. After the sample passes through the column, the vacuum is 
stopped . 

[0094] For obtaining a high recovery rate, the sample solution 

is added to the monolith solid phase column 9 in its entirety. The 
maximum added amount is 800 ul, and if the amount of sample is greater 
than 800 ul , the sample is added in several portions. 

[0095] 5. 500 jul of buffer B (washing buffer) is added to the 

monolith solid phase column 9, and vacuumed until the liquid passes 
through the monolith solid phase column. 

[0096] 6. The monolith solid phase column 9 is detached from the 

manifold, and taken into the collection tube 8. The monolith solid 
phase column 9 is centrifuged at 10000 rpm for 1 minute. 

[0097] The centrifugal operation is necessary for completely 

removing remaining ethanol originating in the buffer. (The liquid is 
suctioned until it passes through the monolith solid phase column, 
and the monolith solid phase column is dried. This is necessary means 
for completely removing the washing buffer remaining in the monolith 
solid phase column 9.) 

[0098] 7. The monolith solid phase column 9 is taken into a new 

1.5 ml centrifugal sampling tube, 10 to 50 ul of buffer C (elution 
buffer) is added to the center of the monolith surface, and the column 
is incubated at room temperature for 1 minute, and then centrifuged 
at 10000 rpm for 1 minute. The eluted DNA in the centrifugal tube is 
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purified DNA, which is stored at -20°C, Alternatively, the DNA is used 
directly for a subsequent operation. 

[0099] The elution buffer C is added to the central portion of 

the monolith surface so that DNA bound to the monolith is fully eluted. 

[0100] If 10 \xl of elution buffer C is used, the amount of eluent 

is 9 ul . 

[0101] The elution efficiency becomes a maximum when pH is in a 

range of 8 to 8 . 5 . If a sterile water system is used for elution, it 
should be ensured that pH is in this range. 

[0102] B. The following method is used for purifying agarose gel 

using the monolith solid phase column 9. 
[0103] 1. Micro-centrif ugation method 

[0104] This protocol is designed for the purpose of purifying 

a DNA fragment from standard or low- melt agarose gel {using TE or 
TEB buffer) , and use of a monolith column and buffers for purification 
allows a fragment with 35 bp to 100 Kbp to be separated from a primer, 
a nucleotide , a polymerase , salts or the like by a centrifugal operation. 
A maximum of 1000 mg of agarose can be treated for one monolith column. 

[0105] 10 |ul of buffer A (dissolution and adsorption buffer) is 

added to 10 mg of agarose gel . About 500 jal of buffer B (washing buffer) 
is used for washing. 

[0106] All centrifugal operations are carried out by a general 

desktop micro centrifugal machine at 10000 rpm or less. 
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[0107] 1. A target band is cut out by a clean razor or knife and 

put into a 1 . 5 ml centrifugal tube . Excessive gel is removed to minimize 
the size of a gel slice. 

[0108] 2. 100 nl of buffer A2 (dissolution and adsorption buff er) 

is added to 100 mg of gel slice. 

[0109] To 100 mg of gel, 100 ul of buffer A2 is added, but when 

agarose gel in a concentration of 2% or more is used, 
600 fil of buffer B is added. The amount of gel which can be treated 
by one monolith column is 1000 mg, and therefore if the amount of gel 
exceeds 1000 mg, two or more monolith columns are used. 
[0110] 3. Incubation is performed at 60°C for 5 minutes or until 

the gel slice is fully dissolved. During incubation, the tube is 
subjected to vortexes twice to mix the solution. Agarose is fully 
dissolved. When gel in a concentration of 2% ormore is used, the recovery 
rate increases if the incubation time is prolonged. 

[0111] Subsequent operations are omitted, since they are same 

as the operations described in the above section "1. 
Micro-centrifugation method" of "A. Purification of PCR reaction 
solution using monolith solid phase column". 

[0112] 2. Vacuum manifold method 

[0113] The monolith column can be operated by a vacuum manifold 

including a lure adapter. This protocol is designed for the purpose 
of purifying a DNA fragment from a standard or low- melt agarose gel 
(using TE or TBE buffer) . Use of one monolith column and buffers for 
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purification allows a fragment with 35 bp to 100 Kbp to be separated 
from a primer, a nucleotide, a polymerase, salts or the like by a sample 
treatment operation by a vacuum apparatus. 

[0114] 10 ul of buffer A2 (dissolution and adsorption buffer) 

is added to 10 mg of agarose gel. About 500 ul of buffer B (washing 
buffer) is used for washing. 

[0115] Elution is carried out by a centrifugal operation by a 

desktop micro centrifugal machine at 10000 rpm or less. 
[0116] A vacuum switch is temporarily turnedof f for each operation 

step so that uniform and stable vacuum is accomplished. 
[0117] 1. A target band is cut out by a clean razor or knife and 

put into a 1 . 5 ml centrifugal tube . Excessive gel is removed to minimize 

the size of a gel slice. 

[0118] 2 . 100 ul of buf fer A2 (dissolution and adsorption buff er) 

is added to 100 mg of gel slice. 

[0119] To 100 mg of gel, 100 ul of buffer A2 is added, but when 

agarose gel in a concentration of 2% or more is used, 
60 0 ul of buffer Al is added. The amount of gel which can be treated 
by one monolith column is 60 0 mg, and therefore if the amount of gel 
exceeds 600 mg, two or more monolith columns are used. 
[0120] 3. Incubation is performed at 60°C for 5 minutes or until 

the gel slice is fully dissolved. During incubation, the tube is 
subjected to vortexes twice to mix the solution. Agarose is fully 
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dissolved . When gel in a concentration of 2% or more is used, the recovery- 
rate increases if the incubation time is prolonged. 

[0121] Subsequent operations are omitted, since they are same 

as the operations described in the above section "2. Vacuum manifold 
method" of "A. Purification of PCR reaction solution using monolith 
solid phase column" . 

[0122] C. The following method is used for purifying an enzyme 

reaction solution using a monolith solid phase column. 
[0123] 1. Micro-centrif ugation method 

[0124] This protocol is designed for the purpose of purifying 

a double-strand DNA fragment from an enzyme reaction solution for 
restriction digestions, labeling reactions and the like. Use of a 
monolith column and buffers for purification allows a fragment with 
35 bp to 100 Kbp to be separated from an enzyme, a primer, a nucleotide, 
salts or the like by a centrifugal operation. 

[0125] 30 ul of buffer Al (adsorption buffer) is added to 10 ul 

of enzyme reaction solution. About 300 ul of buffer B (washing buffer) 
is used for washing. 

[0126] All centrifugal operations are carried out by a general 

desktop micro centrifugal machine at 10000 rpm or less. 

[0127] 1. 3 parts by volume of buffer Al are added to 1 part by 

volume of enzyme reaction solution and mixed. The maximum volume of 
the enzyme reaction solution which can be treated by a monolith column 
is 10 0 ul . 
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[0128] For example, 300 jal of buffer Al is added to 100 ul of 

enzyme reaction solution. 

[0129] Subsequent operations are omitted, since they are same 

as the operations described in the above section "1. 
Micro-centrif ugation method" of "A. Purification of PCR reaction 
solution using monolith solid phase column" . 

[0130] 2. Vacuum manifold method 

[0131] The monolith column can be operated by a vacuum manifold 

including a lure adapter. This protocol is designed for the purpose 
of purifying a double-strand DNA fragment from an enzyme reaction 
solution for restriction digestions, labeling reactions and the like. 
Use of a monolith column and buffers for purification allows a fragment 
with 35 bp to 100 Kbp tobe separated froman enzyme, aprimer, anucleotide, 
salts or the like by a sample treatment apparatus by a vacuum apparatus . 

[0132] For example, 30 ul of buffer Al (adsorption buffer) is 

added to 10 ul of enzyme reaction solution. About 3 00 ul of buffer 
B (washing buffer) is used for washing. 

[0133] All centrifugal operations are carried out by a general 

desktop micro centrifugal machine at 10000 rpm or less. 
A vacuum switch is temporarily turned off for each operation step so 
that uniform and stable vacuum is accomplished. 

[0134] 1. 3 parts by volume of buffer Al are added to an enzyme 

reaction solution and mixed . The maximum volume of the enzyme reaction 
solution which can be treated by the monolith column is 100 ul . 
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[0135] For example, 300 \il of buffer Al is added to 100 \xl of 

enzyme reaction solution. 

Subsequent operations are omitted, since they are same as the operations 

described in the above section "2. Vacuum manifold method" of "A. 

Purification of PCR reaction solution using monolith solidphase column" . 

[0136] This advantage of the present invention in which adsorption 

and elution separation can be performed extremely easily, elution with 
a high-concentration salt is not necessary, and a nucleic acid can 
be purified extremely efficiently results from the adsorption of nucleic 
acid components on a monolith structure. 

[0137] In methods of the conventional type, silica gel particles , 

glass particles and materials obtained by processing those particles 
into a filter form are used. In all of those methods, spaces through 
which the liquid passes pass along the surfaces of particles, and the 
liquid collides against particles to cause a turbulent flow, resulting 
in a nonuniform flow. Thus, all the liquid cannot uniformly contact 
the surfaces of particles. The monolith structure is an integral 
structure and has therein a continuous hole, and therefore it appears 
that the liquid passes through the inside of particles. That is, all 
the liquid uniformly contacts the structure. The skeletal structure 
is small as compared to particles, and no turbulent flow occurs after 
collision of the liquid, resulting in a uniform flow. 
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[0138] That is, in the conventional solid, phase type, a turbulent 

flow occurs in particles, contact with the surface becomes nonuniform, 
and DNA on the low-molecular side is not adsorbed and falls out. 

[0139] In the conventional type , the concentration of a chaotropic 

salt is increased to facilitate occurrence of a reaction for preventing 
the BNA from falling out. In this case, however, salt precipitation 
occurs and limitations arise, and therefore the collection of 
low-molecular DNA is limited. 

[0140] In the monolith structure of the present invention, a 

uniform flow of liquid is ensured, and lower-molecular DNA can be 
adsorbed . 

[0141] Of course, the same phenomenon occurs in the washing step. 

In the conventional method, a turbulent flow of a washing solution 
occurs to make it difficult to wash the surface of structure. As 
described in example 1, the undesired primers and the like remain after 
the first round of washing in the conventional method, while such 
components hardly remain in the method of the present invention. 

[0142] The methodusing a filter having particles buried in fibers 

or the method using fibers themselves is the same in that a turbulent 
flow occurs . 

[0143] As an example of the conventional method, an inorganic 

base material is placed near an outlet of a cylindrical hollow body 
having an inlet and an outlet, and the inorganic base material is held 
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between tightly confined polyethylene frits ( Japanese Patent Document 
3- Laid-open No. Heisei 8-501321 ) . 

[0144] In this case, it is the inorganic base material part that 

contributes to separation, and upper and lower frits are used for holding 
the inorganic material in the hollow body. 

[0145] However tightly the frits are confined, spaces are 

generated between the frits and the inorganic material, and the liquid 
remains in the space portions. It is difficult to expel or replace 
the liquid in the space portions. Particularly, in the decompression 
method (the vacuum method) described above, if a gas phase portion 
is partly generated, the portion flows preferentially, and the liquid 
cannot be uniformly drawn. In the steps of absorption and washing of 
a sample, replacement of the liquid is hard to be performed. 

[0146] In the final elution step, the liquid remains, resulting 

in poor collection. 

[0147] In the monolith structure of the present invention, the 

macropore through which the liquid passes is a continuous body, and 
the liquid uniformly changes in the direction of flow. That is, the 
efficiency of replacement of the liquid is considerably improved. It 
can be considered that the aforementioned phenomenon is one of the 
factors that cause sample components to remain even after the second 
round of elution in the conventional type as shown in example 1. It 
can be understood that in the monolith structure of the continuous 
body of the present invention, the efficiency of replacement of the 
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liquid is so high that one elution is enough and there are little residues 
after the second round of elution. 

[014 8] In the conventional type, the space changes depending on 

the degree of confinement, and variations among lots during confinement 
in the hollow body tend to occur. In the present invention, the monolith 
structure is an integral structure and no variations occur during 
confinement in the hollow body. 

[0149] Frits and the inorganic material are further crushed into 

a united body although a product made by such a method is too expensive 
as a commercial product to actually exist , but in this method, different 
layers are formed in crushed interface portions. Likewise, the flow 
of a fluid is hindered as compared to the monolith structure having 
a uniform continuous hole. 

[0150] Further, in the present invention, a hybrid having 

properties of silica and polyethylene can be prepared in a uniform 
phase if an inorganic material which is silica gel and an organic material 
such as polyethylene which is a frit material are mixed in a sol-gel 
step . 

[0151] If the inorganic material is particulate, upper and lower 

frits are absolutely necessary to hold the particles, and the problem 
concerning the replacement efficiency as described above arises. 

[0152] When a silica gel thin film in which silica fibers or gel 

particles are buried (e.g. M Pore Disk®, manufactured by 3M) is used 
as an inorganic material, the thin film is poor in physical hardness, 
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and may be deformed by centrifugal separation with rapid decompression 
or high speed rotation, resulting in elution of a part of fibers or 
particles. In slight deformation, the space volume changes, thus 
causing variations. In the monolith structure, due to separation by 
a continuous hole present in a hard body, deformation is not caused 
by pressure variations and the like, and therefore reproducibility 
can be secured. 

[0153] Even if a hard fiber film or silica gel thin film which 

is not required to be held by frits can be formed, the liquid flows 
on the surface of fibers or gel , whereby a turbulent flow occurs , uniform 
separation cannot be achieved, and separation that would be achieved 
when using the monolith structure of the present invention cannot be 
expected . 

[0154] Adsorption of low-molecular DNA and a high washing effect 

can be achieved only by the monolith structure free from a turbulent 
flow. 

[0155] Further, flow paths in particles of the conventional type 

and micropores in the monolith structure of the present invention are 
different in the contact with the liquid flow. In the particle type 
or the like, the side of entrance of the liquid and the side of exit 
of the liquid are lacking in uniformity of the pressure in the liquid 
resistance, and are different in the contact of the liquid with the 
inside of the pore. In a pressurizat ion system such as HPLC, the 
influence is low because the pressure can be made uniform, but a 
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decompression system for use in the field of the present invention 
has a normal pressure on the inlet side and a negative pressure on 
the outlet side, and entrance to and exit from the inside of the pore 
in one particle becomes nonuniform. That is, some components enter 
the inside of the pore and the other components do not depending on 
component molecules although they are same components, and totally, 
the width at the time of elution increases . Therefore, it is difficult 
to eliminate only components to be removed at the time of washing, 
and in the finally eluted components, a primer on the low-molecular 
side remains as in the example of the conventional method shown in 
example 1. In the monolith structure of the present invention, the 
liquid always uniformly enters because there are micro-pores on the 
surface of the macro-pore through which the liquid flows. Therefore, 
the primer as a low-molecular impurity can be removed easily. 
[0156] In the conventional method, it is conceivable that in large 

DNA, the liquid is hard to enter the pore, and further the viscosity 
of the liquid containing components increases , and therefore the contact 
becomes nonuniform, and two types of phenomena occur at the same time, 
and there are many portions that are not adsorbed. Furthermore, the 
possibility that high -molecular DNA is physically damaged and collapsed 
due to a turbulent flow increases. 

[0157] Basically, by increasing the concentration of chaotropic 

salts, these phenomena can be alleviated, but the salt is not removed 
at the time of washing, and is eluted at the time of elution. That 
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is , a large amount of salts exits in sample components af terpurif ication. 
This leads to a serious problem in subsequent use. 

[0158] The method of the present invention using a monolith 

structure is very effective, since the salt concentration can be 
decreased and the aforementioned problems can be solved. Further, the 
method becomes more effective if a potassium salt having a stronger 
cation exchange action is used in combination. The potassium salt has 
a strong cation exchange action and therefore contributes to adsorption 
of a nucleic acid on the surface, but for this reason, target purified 
DNA is not eluted if the potassium salt remains on the surface at the 
time of elution, and therefore reliable washing is absolutely necessary . 
In the particle type, a turbulent flow occurs at the time of washing, 
and further, entrance into the pore is nonuniform, and therefore a 
portion where the potassium salt remains in a high concentration on 
the base inevitably appears . As a measure , a buffer capable of removing 
potassium, specifically another salt may be added to an elution liquid, 
but this is not suitable for the purpose of a subsequent application. 

[0159] In the monolith structure, the potassium salt acts 

effectively, since the uniform flow of a liquid and the uniform entrance 
into a pore are possible. 
Examples 

[0160] [Example 1] In purification of a PCR reaction solution 

(fragment DNA) , 50 jo,l of PCR amplification reactant is mixed with 300 
jul of buffer Al ( 1 M guanidine hydrochloride, 0.2 H potassium acetate, 
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50% 2-propanol) . A silica monolith solid phase column 9 is inserted 
into a collection tube 8, and the mixture is injected into the silica 
monolith solid phase column 9 , and centrif uged in a 1 . 5 ml centrif uging 
tube . The silica monolith solidphase column 9 is subj ected to a washing 
treatment with a B buffer (0.2 M potassium acetate, 50% ethanol) so 
as not to contain a salt , 

[0161] For elution, 20 (ill of buffer C for elution (EDTA 4 mM, 

Tris-HCI 10 mM, pH 8; or sterile DNA/RNA free water) is passed through 
the silica monolith solid phase column for centrif Ligation with another 
1.5 ml centrif uging tube to perform centrifugal separation. A PCR 
product thus purified (fragment DMA) contains no primer, dNTPs, 
polymerase and salts , and can be used directly in a subsequent operation . 
(See Figures 1 and 2) In Figure 1, M: molecular weight marker; (1) : 
sample purified by the conventional method; and (2) : sample purified 
in the present invention. 

[0162] Symbol (1) corresponds to the evaluation by 

electrophoresis with a sample purified by the conventional method in 
Japanese Patent Docum e nt ' 3 Laid-open No. He isei 8-501321 (4 0 0 bp) . 
Symbol (2) corresponds to the method of the present invention. In the 
result of (1) , a portion on the low-molecular side (lower) remains 
in a large quantity, while in the result of (2) , such a portion hardly 
remains, and high purification efficiency is obtained. In Figure 2, 
symbols 1-1 and 1-2 correspond to the results of performing elution 
twice by the conventional method and observing the residues , and symbols 
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2-1 and 2-2 correspond to the results by the present invention. It 
is apparent that in the present invention, residues hardly remain after 
the first elution, and high purification efficiency can be obtained. 
Figure 3 shows the evaluation using HPLC . The conditions of HPLC are 
shown below. 
Conditions of HPLC 

Column: CIM DEAE 

Eluent : 

A: 20 mM Tris-HCl pH 7.4 
B: A + 1M NaCl 

A/B = 50/50 - (10MIN) - 0/100 

Flow rate: 3 ml/min 

Detection: UV 260 nm 
[0163] In Figure 3 , HPLC evaluation data of an unpurified PCR 

solution is the uppermost chromatogram, and it is apparent that there 
is a less change in pattern as compared to the chromatogram (lowermost) 
of purification by the conventional method in Japanese Patent Document 
■3- Laid- open No . Heisei 8-501321 , and dNTPs andprimers are hardly removed . 
In the method of the present invention, it is apparent that two peaks 
of the dNTPs and primers are considerably removed as in the second 
chromatogram and a target nucleic acid is highly purified (see Figure 
3) . 

[0164] [Example 2] In purification of fragment DNA from agarose 

gel, a PCR amplification product is electrophoresed using standard 
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[0168] [Example 3] 100 ug of DNA is treated with a restriction 

enzyme. The DNA restriction digested solution was mixed with 300 
of buffer Al in accordance with example 1 , and the subsequent treatments 
were carried out in the same manner as in example 1. The purified DNA 
obtained after elution contained no restriction enzyme and salts, and 
the absorbance determination ratio 260/280 was 1.8, which is a 
satisfactory value. 

[0169] [Example 4] In purification of a PCR product of 35 bp having 

a small molecular size, 10 ul of PCR reactant was mixed with 100 ul 
of buffer Al in accordance with example 1, and subsequent treatments 
v/ere carried out in the same manner as in example 1. (See Figure 5) 
In the figure , M : molecular weight marker; 1 : sample before purification; 
and 2: sample purified in the present invention. 

[0170] Here, small DNA of 100 bp or less, purification could be 

purified from a PCR reaction solution of DNA of 35 bp. 

[0171] [Example 5] In purification of a PCR product having a large 

molecular size (100 bp to 100000 bp) , 20 ul of PCR reactant was mixed 
with 200 ul of buffer Al in accordance with example 1, and subsequent 
treatments were carried out in the same manner as in example 1. (See 
Figure 6) In the figure, M: molecular weight marker; 1: sample before 
purification; 2: sample purified in the present invention. 

[0172] DNA of 1000 bp to 100 Kbp could be purified from a PCR 

reactant . 
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or low-melt agarose gel (using a TE or TBE buffer) , and DNA is separated 
in agarose gel (0.5% of TE or TBE) . DNA fractions to be isolated are 
cut out from the gel by a clean razor or knife, and put into a 1.5 
ml centrifuging tube. They are mixed with 300 ul of buffer A2 (2M 
guanidine thiocyanic acid, 0.4 M potassium acetate, 3 0% 2-propanol) , 
and incubated at 60°C for 5 minutes or until gel slices are fully dissolved. 
[0165] For this solution, the solution is injected into the 

monolith solid phase column 9 attached to the collection tube 8 and 
centrifuged in a 1 . 5 ml centrifuging tube in accordance with example 
1. Themonolithsolidphase column 9 is washedbybuf f erB ( 0 . 2 Mpotassium 
acetate, 50% ethanol) so as not to contain a salt. 

[0166] For elution, 20 ul of buffer C (EDTA 1 mM ; Tris-HCl 10 

mM(pH 8) ; or sterile DNA/RNA free water) is passed through a column 
for centrif ugation with another 1.5 mi centrifuging tube to perform 
centrifugal separation. Among Figures 4-1 to 4-4, Figure 4-1 shows 
the evaluation by electrophoresis of 35 bp, Figure 4-2 shows the 
evaluation by electrophoresis of 100 to 500 bp, Figure 4-3 shows the 
evaluation by electrophoresis of 10000 bp, and Figure 4-4 shows the 
evaluation by electrophoresis of 35000 bp. 

[0167] In the method of the present invention, low-molecular parts 

of 35 bp to about 100 Kbp were collected, and it is apparent that a 
wide range of DNAs can be purified from agarose gel. Similar results 
were obtained even with water containing no EDTA buffer as an elution 
buffer. 
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[0173] [Example 6] In purification of a single- strand DNA, 20 

M-1 of solution was mixed with 200 jul of buffer Al in accordance with 
example 1 , and subsequent treatments were carried out in the same manner 
as in example 1. (See Figure 7) In the figure, M : molecular weight 
marker; 1: sample before purification; and 2: sample purified in the 
present invention; and 3: sample purified by the conventional method. 

[0174] Single-strand DNA of 35 mer could not be collected in the 

conventional method (3), but could be collected in good reproducibility 
at two times in the present invention (2) , 

[0175] [Example 7] Comparison between purification with sodium 

and purification with potassium (retencion mechanism) (See Figure 8) 
In the figure, M : molecular weight marker; 1: sample after purification 
with glass monolith and potassium; 2: sample after purification with 
silica monolith and potassium; and 3: sample after purification with 
silica monolith and sodium. 

[0176] Purification with sodium which had been often used was 

compared withpurif icat ion with pot ass ium having an effect of the present 
invention. Retention could hardly be achieved with sodium, and high 
purification efficiency could be obtained with potass ium . For the glass 
monolith, higher purification efficiency could be obtained with 
potassium as in the silica monolith. 

[0177] Carrying out the following method for making the present 

invention effective is meaningful. 
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[0178] A method for separating and purifying DNA, characterized 

in that corresponding nucleic acids are adsorbed in through-pores 
(macro-pore) of an integral monolith structure, respectively, by 
interposing alkali metal salts in a solution containing nucleic acid, 
the monolith structure is washed with a washing solution, and the nucleic 
acids are then eluted. 

[0179] The method for separating and purifying DNA, characterized 

in that the alkali metal salt is potassium acetate. 

[0180] The method for separating and purifying DNA, characterized 

in that a dissolution and adsorption buffer containing 0.1 M to 1 M 
of potassium acetate is used. 

[0181] The method for separating and purifying DNA, characterized 

in that dissolution and adsorption is carried out with a dissolution 
and adsorption buffer containing a guanidine salt or a potassium salt 
such as potassium acetate. 

[0182] The method for separating and purifying DNA, characterized 

in that elution is carried out with water containing Tris-HCl and EDTA. 

[0183] The method for separating and purifying DNA, characterized 

in that dissolution, adsorption, separation and washing operations 
are carried out using one monolith solid phase column. 

[0184] Kit consisting of a dissolution and adsorption buffer, 

water and a separation and purification mechanism. 

Industrial Applicability 
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[0185] As described above, the mechanism of separating and 

purifying DMA and the like according to the present invention is 
frequently used in studies of molecular biology, and is especially 
useful for purification of fragment DNA or the like performed prior 
to applications of PCR, cloning, sequencing, restriction enzyme 
digestion, other enzyme actions and the like, and can quantitatively 
separate and efficiently purify a wide range of DNAs of 35 bp (mer) 
to 100 Kbp (mer) , and adapt to purification of a wide range of nucleic 
acids . 
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